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rg SWAGE 



The invention relates to oilfield dovjfxihole operations. More paiticular1y» the 
invntion relates to a swage device for reforming a defoimable junction in a deviated 
weUbore. 



As is wdl known to fhose of skill inifbe art, lefoimable deformed junctions 
have been known to the oilfield art Ihebepefitof adef<»inedjunctiooislhattfae 
junction is easily transported throu^ the cajsing of a wellbore or an q>ea hole wellbore 
to its final destination at a junction betwecflj a primary and lateral boid^ Once the 
junction is properly portioned, it is refonmjd into a Y-shaped junction to assist in 
completing the wellbore. In the fully reforxjed condition of the junction, the outer 
dimensions are generaUy greater than the mpde diameter (ED) of the casing or open 



hole. Thus, of course, it would be rather difficult to install the junction in its 
undefoimed cmidition. Many methods have been used to reform the defonned junction 
intfaebordiole. One ofthe prior ait mediods has been to employ a swaging device. 
Swaging devices generally comprise a ccmical or frasloconical hardened member 
having an outside diameter (OD) as large as possible ^^e being passable through the 
weUbore casing or the open hole. This swage is forced to travel tfarou^ a previously 
positicmed deformed junction ^/bmby die junction is reformed into an opanational 
position. Where tbejunctim is located in a vertical or riear vertical weUto 
weij^t alone often is sufficient to genende the approximately 100.000 pounds of force 
required to reform the junctim. Whore die defoimedjunction is being placed in a 
hig^ deviiaed wellbore or a horizontal wellbore, however, setdown weight might not 
be sufficient to foxce the swage device tfaroui^i die junctioiL hi dus event, one of skill 
in the art will recognize the hydraulic procedure altcroative to setdown weight This 
hydraulic procedure includes an e^^Mmsion jomt located above the swage device, a drill 
tube andior located above die expansion joint, and a ball seat located below the 
expansion joist sudi dua by dronpiiig a ball, pre^iue can be q>plied to die tubing 
string. This applied pressure forces die e^qiansion joint to expand downhole, which in 
turn forces the swage device dirougjii die junction. Expansionjoints are wdl known in 

the art, as arc anchors and ball seats. 

As also wiU be recognized by oiie of onlinary doll in the art, there is a 
significant drawback to the prior art swaging devices. Themetalofdiejunctionhasa 
cotain amount of resilience such diat after die swage device has been forced through 
the junction, ref(»miiig the same, die junction itself will rebound to a smaller ID dian 
the OD ofthe swage device by several Ifaoasanddis of an inch. Because ofthe rebound 
it requires nearly as much lifting force on the swage device to remove it from the 
wellbore as is needed to nntiaUy force the swag^dirough die deformed junctim^ This 
can be as mudi as 100,000 pounds. Aldiough a drilling rig can easily pull ten times this 
wei^, in a hi^y deviated or hori2x>ntal wellbore, die fiiction created on the curvature 
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of the wen cao behij^enou^ to absoib aUjof the force imparted at the sui&ce and 
leave none avaOable for the swage. Thus, tjie tool is stuck. The amount of force 
necessaiy to pull the swage throu^ the newly reformed junction can also be suffident 
to damage other weB tools or junctions. Suph damage can of course cost significant 
sums of money to rqjair and require signifi<|ant time both to diagnose and to repair. 
Thus, the art is in need of a swa^ device th^t docs not cany the drawbacks of the prior 
art. 



^e pnor art are overcome or alleviated by 
the flexible swage device of tiie invention, i 

The invention avoids &e above set f^rti drawback by creating a two-part swage 
device comprismg a support and a swage cu^. The support is engaged with the swage 
cup during Ifae swaging operation. The swa^e cup is moveable such that after the 
swaging operation is con^jlete, the swage can be moved to a positicm whae it is 
unsupported by die siqiport and is tfierefore fllowed to deflect several thousanddis of an 
inch toward the mandrel. This deflection wi|l significantly reduce drag on the swage 
cup througji the refonned junction (and any fther jxmctions uphole of the subject 
junction) during removal of the swa^ device from the wellbore. In an alternate 
embodiment, the swage cup contains longitujlinal slots cut into it to impart increased 
flexilHUty charactenstics to Oie swa^ cup. the flexible sswage device of the invention 
is employable in place of a conventional swa^ the function of which being fiilly 
assimilated in the invention. » 



Refaiing now to the drawmgs wherein like elements are nunibered alike in die 
several FIGURES: 

FIGURE 1 is a side view oftheinvm ion in the swage position; and 
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HGURE 2 is a ode view of fte invention ^"Aerein the swage cup has be« 
sheand to a second position, which is the retrieving position; 

nGURE 3 is a cross section view of a second embodinjent of the invention; 

FIGURE 4 is a pcfspectivc view of flic swage ciq>; and 

nCURE 5 is a perspective view of an altenate embodiment of the swagp cup. 



Refening to RgBte 1. a flexible swage in the swaging position is shown 
generaUyatlO. The invention is iUnstiatedmoimled on a inandrel 11 by a regular 
tbreadodconnectionllandapluralityofsctscrewsM. Each set saew 14 is received 
inagiDOve 16. the combination of whi(* with screw thread 12 prevents movement of a 
support 18. Support ISispreferablyaftusloconicalannulardemeotofasinglepiece 
aHhoughmoltiplepieoescouldbeusedloachiervetheresultoftheinveoti Support 
18 is provided with at least one port 20 (preferably several ports 20) that exits si^ort 
18 uphole of apoint of contact of the swage device with the inner waU of a junction 
beingdefoimed (not shown). Port 20 also intersects a bore 22 ofwhich there may be 
several and prefeiablywill be as many as there are ports 20. which extends through 
support 18 to a downhole end 24 thereof. Bore 22 is open to amiolar space 26 as • 
iUustcated. As should be understood, there may be several bores 22 that open into 
amiular space 26. Support 18 can be seen in flie drawing (Figui«l) to matingly receive 

and 8upp<»t a swage meaiber 27. 

Refaiingnow to Figure 4, one embodiment of the swage member of the 
invention is shown separately ftom other components of die invention. Theswage 
memberisn«meraDed27. Swage member 27 comprises a swage cup 28 and a swage 
base30andisafoistocooicalammlardemcmprefe«blyofa8inglepiece. Alternately. 
multiplepiecescouldbcusedtoformswagemember27. In either case, swage cup 28 
extendsupwardlyandoutwardlyfromswagccupbaseSO. A hole 29 extends axially 
through swage cop 28 and swage cop base 30 and is of a si» sufficient to allow swage 



mcanber 27 to receive mandrel 11. An vplfolc end 33 of swage cvp 28 is substantially 
hollowed out and coafigued to matingly ^^ommodate supp<Mt 18, thaebypreveoting 
the deflection of the outer perimeter of swige cup 28 toward mandid 11." 

Tinning now to Figure 5, an altero^te embodiment of the swage member of flie 
invention is illustrated generally at 227. ijiis alternate embodiment comprises swage 
cup 228 and swage cup base 230. Swage <jup 228 is stiU of a generally frustoconical 
shape and is stiU preferably fabricated froi^ a sbgle piece of material, as in tite previous 
embodiment However, swage cup 228 cojitains a plurality of longitudinal slots 235 cut 
therein and extending toward swage cup b^e 230. Slots 235 render swage c\q> 228 
mofe flexftle than die first described emb<^imail. The greater flexibility, it wiU be 
understood, is due to fliekeifwiddi of slot^ 235. Since it is possible during 
compression of swage cup 228 to "close" tjie Icerf of slots 235, a greater reduction in 
the ontade diameter of swage cap 228 is aijhievable. Slots 235 make retrieval of the 
tool easier without omaproimsing the swa^g action of the tool in the first instance. 

Refeningback to Figure 1, swage clip base 30 includes b<ae 32 open on a 
downhole end 34 of swage cop base 30 to tjie wefl fluid downhole of a contact area 31 
of swage cap 28 wMi the inside dimension pf a defbmiabic junction 33 (shown in 
phantom lines). Boie 32 extends to an uph^le end 36 which communicates with 
annular space 26. Annaiar space 26 oisuref communication b^ecn bote 32 and bore 
22 flius effecting Ihiough-passage of well fljiids fiom below contact area 31 of swage 
cup 28 with the inside dimension of defomiable junction 33 (effectively a metal-to- 
metal seal) to the outiet of port 20 above co itact point 31 . A means for fluid flow 
(such as bore 22) tiuough swage 1 0 is neces^ to provide an outlet for the build up o f 
fluid pressure downhole of swage cup 28. iy providing a bore throng swage cup 28, 
die conditions allowing for die fimnation of^this hydraulic lock under swage aq> 28, 
which would ofhetwise hinder and possil>ly |nev<nt movement of swage 10 through the 
junction, are defeated. j 

Swage cup 28 and swage cup base 3^ are located on mandrel 1 1 by shear screws 
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38 only. Swage ciq> 28 and swage cup base 30 are piefaably a angle annular 
convoDent tbat is slideable akmg mandrel 1 1. Therefore, some means of holding 
swage ciq> 28 and swage aq> base 30 in the swaging fxmtion on siqiiwrt 18 is needed 
for die invention to function as mtended. One embodiment ofsuch means is HuoueJi 
the use ofshear screws 38, which are received in groofve 40. It will be recognized by 
one of oiduiaiy skill in die art that since diear screws 38 are tiw only means in this 
enibodinwit which hold swage cap 28 and swage cop base 30 in place, swage cup 28 
and swage 09 base 30 may rotate 360* around mandrel 11 relatively fieety. The 
si^nficance of annular q>ace 26 diea is to ensure diat bore 32 is in fluid 
communicatiim widi bore 22 r^aidless of die otientation swage cup 28 and swage cap 

base 30 have relative to si^port 18. 

b dw condition dwwn in Figure 1 , one of Mdinaiy sidll in die ait win 

appreciate diat as swage 10 is forced downhole. h wiU quite effeetivdyidb^ 
defonnedjuncHonsimilailyto prior art swages. Once die refonwtion is complete and 
it is desirable to remove swage 10 fiom die wellbete, an upward puD is necessary. 
Refoiing now to Figure 2, upon pulling die tool in dw upward direction, a point 42 of 
swage aqi 28 will contact die inner walls of die junction due to die resilience of die 
junction as discussed hexeiatoefore. The pressure on point 42 will tend to prevent swage 
10 from moving ophole. This force is translated duou^ swage cup 28 and swage cup 
base 30 to screws 38. which win diendiear under diatforee. OneofskiUindieartwin 
recopiixe diat die particular amoum of force required to diear screws 38 is 
eogineerable m advance and should be matched to an appropriate amount of force to 
indicate diatwididrswalofthe loo! is desired. Upon shearing ofscrews 38, swage cup 
base 30 and swage cup 28 move downhole untQ downhole end 34 of swage cup base 30 
is in contact widi an uphole end 44 ofa swage stop 46. It should be briefly noted at diis 
poirt dot swage stop 46 is comiected to mandrel 1 1 via a regular diread 48 and a 
plurality of set screws 50. Swage stop 46 farther inchides an o-ring 52 to seal swage 
stop 46 against man&d II. 
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Upon shifting swage cup 28 and swigc cup base 30 downbole into contact with 
upbole cod 44 of swage stop 46, a gap 54 is! fonned between swage cq> 28 and support 
18. Because of g^ 54, continued pulling op swage 10 causes swage cup 28 to deflect 
inwardly toward mandrel 11 to a degree which is suflBd«it to allow swage member 27 
to slide throu^ the junction. The deflectiop of swage c\xp 28 is typically several 
thousanddis of anindi. Gap 54 maybe as ^all as sevwal tbousanddis of an inc*. or it 
maybclargcr- The deflection ofswage 28 inllmerdy be what is necessary for swage 
10 to move thn)ug|i the junction at a significantly reduced fon:^ 
withdrawn from the well. 

In a second embodiment of the inveiition, reforing now to Figure 3, flic general 
mode of op«ation of the swage remains thc:same. but the way in which it is carried out 
issli^tlydiflFerent Since each oftfaecomppnentsofdiis embodiment is sli^itly 
diffCTcat flian each of their countcipaits in tl^e first described embodiment, new 
numerals are used for each. 

A mandrel 1 1 1 sn)ports a swage 1 1 0, whidi is activated through the movement 
ofmandrcl III. In the running position (shqwnX a swage ring support 114 ism 
position to suiqwrt a swage ring 116, Both ^wage ring support 114 arid swage ting 116 
in this embodiment "float" on mandrel 1 1 1 fl.e., they arc not attached to mandrel 1 1 1). 
At the iq)hoIe end of mandrel 1 1 1, swage rin^ support 1 14 is prevented fiom moving 
further iq)holc by a retaining ring 118. Rctaitung ring 118 is threadedly connected to 
mandrel lllbyatfaread 120 and prevented ^om moving on thread 120 by at least one 
set screw 122. which is received in a groove ]124. In a preferred embodiment, mandrel 
1 1 1 is lumed down" to form a shoulder 126;extending to the downhole «id of swage 
1 1 0 and is configured such diat retaining rin|| 1 1 8 firmly abuts sh€Hilder 1 26. 
Configuring mandrel 1 1 1 to contain shouldo; 126 provides more annular space between 
the •*tumcd down" surface of mandrel 1 1 1 anfl the borehole or junction so that thicker 
swage components may be used. The 'tum dpwn** of shoulder 126 also lends extra 
stability to retaining ring 1 18. 



Swage support 114 abuts retaiimig ring 118 at inter&ce 130 and includes fluid 
bypass 132. Support for swage ring 116 is along inteifiu:e 134. A5aumt,stq^poft 114 
and swage ring 1 1 6 fimction as fbdr counteqiarts did in the pitvious embodimrat and 
indeed as do fboseoffhe prior art to lefonn a defoimed junction. It is with the recovery 
of swage 110 that its unique constnietion is evident and beneficial It should be noted 
that swage ring 1 16 includes at least one fluid bypass conduit 138 that communicates 

with an annulus 140. 

Downhole of swage ring 116 is a shear ring 142, Swage ring 116 abuts diear 
ring 142 at interface 144, Shear ring 142 is prevented fiom longitudinal movement on 
mandrel 1 1 1 by a plurality o f shear screws 1 46, wfaidi extend mto groove 1 48 <hi 
mandrdlll. Shear riiig 142, together with rdaining ring 11 8, maintains swage 
support 1 14 and swage riiig 116 m the (^^erative running and ref<x^ Jx 
dioold be noted that dots 150 are pio^ded cm both flic tq>hole and downhole sides of 
shearringl42inaprefefTedenibod]menL WUleonlytbeupboleendof shear ring 142 
requires slots 1 50 to allow fluid bypass, placmg slots 1 SO on both ends avoids flie 
possibility that swage 110 might be assembled backwards. 

At Oie downhole end of swage 1 10 m Figure 3 0.e., the right side of the 
drawing^ a dual flmction nose swage 152 is ihreadedly attached to man^ ata - 
fltfcad 1 54 and locked in place by at least one set screw 1 56 recdved in groove 1 58 . 
Nose swage 1 52 acts to prevent diear ring 1 42 bom falling off the end of mandrel 1 1 1 
after shear screw(s) 1 46 arc sheared and also acts as a pte-reformii« swage to open xip 
tighfly deformed junctions, 

hi the operational condition^ with shear screw($) 146 intact, the space between 
q>hole end 160 of nose swage 152 and downhole end 162 of shear ring 142 is 
preferably sufficient to allow fiiU shearing of shear screw(s) 146 by displacement of 
Aear ring 142 in the downhole direction before the noted surfaces t^ Thisprcvcnts 
a partial shearing condition which may impede performance to some degree. The partial 
shearing, however, should not conq>letely prevent swage 1 10 firom performing. 
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Once swage 110 has been forced thi^oughthejmKtion being lefonned ft 
withdrawn or pulled upholc. lo the event fljal the swage ciK»unters significant 
resistance, the features ofthc invention wilj be set mniotion. Since both the swage ring 
support 11 4 and swage ring 11 6 are not corrected to naandrcl 111, resistance piovided 
by the deformed jurKtion is translated directly to shear sciew(s) 146. At a 
predetermined amount of force, screw(s) l46 will dicar and allow mandrel 111 to move 
upholc. At this pomt, support 1 1 4 has not ijeai moved relative to swage ring 1 16. 
Thus, the fiictional engagement (hcrcbctwefn is rendered indqiendent and not 
cumulative with respect to the amount of fo^t^c necessary to shear sciew(s) 146. Upon 
the movement of mandrel 1 1 1 iqdK>le^ a snajp ring 1 64 impacts a shoulder 166 on 
support 114 and will move sunxMt 1 14 out pf its siqjport position under swage ring 
116. This, as in the previous embodiment, ^ows swage riiig 116 to fiesc^therAy 
allowing swa^ 11 0 to be retrieved In pra<^ce, the disengagement of support 1 14 with 
swage ring 1 1 6 is assisted by a jarring actio^ that normally results firom the sodden 
shear of scnw(s) 146. It should be noted, h|)wcver, that a straig^pull on swage 110 
would also dislodge support 1 14 fiom swage ring 1 16. The jamming action is a likely 
mode ofq)eration; however, it is not a requjrcd mode of operation. C>vcrc<wning the 
fiiction generated by flexible swage ring 11$ being urged into contact with si^rt 114 
as a result of contact between the swage rin^ 1 16 and innw walls of the junction is all 
that is necessary. After shearing, swage ring 1 1 6 and shear ring 1 42 will rest on nose 
swage 152 while si^port shoulder 166 will <cst on sn^ ring 164. In this condition, 
support for swage ring 1 16 is not available ipd it is free to flex allowing swage 1 10 to 
be recovered firom the junction. Commonly^ the flexing that will occur is into a sligjit 
oval shape. 

It should be q)preciated (bzt in both ^bodiments of the invention the shear 
release or other release mechanism may not f>e used in all conditions. Swage 10 may 
pull through thejunction without needing to |be flexible. Because Aese tools 
incoiporatc the invention, the tools are rctric!fcred Aether or not swage 10 gets stuck in 
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the junction. If swage 10 does get stuck in the junction, shear scrcw(s) 146 wili shear 
condmied pictoip of swage 10 and swage 10 will operate as heiwnbefore described. 

While imfened enibodiments have been shown and desoibed, vuious 
modifications and substitutions may be nude thento. 
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CLAIM 1. A flexible swage for Fefoiding a defonned junctioii in a weUbore 
conqmsing: 
a siq>port locatable on a mandrel; 

a swage member moveable on said pandiel into a position yirbat said member 
is supported by said support and a posiUonjwIieie said memte 
support, said member bdng deflectable wbjai in said unsupported position. 

CLAIM 2. A flexible swage as claimed; in Claim 1 wherein said swage member is 
iradered temponnily onflexible by a defeat^le condition. 

CLAIMS. A flexible swage as daimedjin Claim 2 wlieiKin said defeatable member 
is at least one diear screw. 

CLAIM 4. A flexible swage as claimedin Claim I wherem said swage farther 
conqnises a swage stop mountable to said npandrel. 

CLAIM 5. A flexible swage as claimed Mi Claim 1 wherein said flexible swage 
further comprises a flow path through said dtpport and said member to allow fluids to 
pass through said flexible swage. : 

CLAIM 6. A flexible swage as claimed |n claim 1 wherein said swage member 
comprises a substantially fiustocomcaUy-shaped element having a hole disposed axiaUy 
therethrough, said hole being dimensioned t^ receive said mandrel therethrough. 
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CLAIM 7. A flexible swage as claimed in claim 6 whexein said swage member 
contains a plurality of slots longi tudimdiy disposed fheretn, said slots imparting 
flexibility diaracteiistics to said swage monber. 

CLAIM 8. A flexible swage as claimed in claim 7 wherein said swage monber is 
fimied from a six^e piece of material, thexeby making said base porti<m and said 
longitudinal elements a angle contiguous member. 

CLAIM 9. A flexible swag^ as daimed in Claim 1 wberdn said flexible swage 
fiirther includes: 

an expansion sub located along said mandrel iqibole of said swi^ member^ 
an anchor iq>bole of said expansion sub; and 

a ball seat located internally of said mandrel and downbole of said eoqMnston 

sob. 

CLAIM 10. A flexible swage as claimed in Claim 4 i^ernin said stop is a pre- 
refonmng swage. 

CLAIM 11. A method for reforming a def<mned junction for a wdtbore con^rising: 
urging a swage member siqsported by a siqppoit tiiuougb said junction; 
inddng up on said swage; 
^rff^i^ing a defeatable member; 
unsupporting said swage monben <md 

withdrawing said swage member and said support from said weDbore. 

CLAIM 12. A method as claimed in Gaim 1 1 wherein said method fiirther 
comprises deflecting said swage member. 
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CLAIM 13. A method as claimed in dajm 1 1 whcrcm $aid defeatiqg is shearing, 

CLAIM 1 4. A method as claimed in Oa^ 1 1 wherein said defeating is a two step 
process, 

CLAIM 15- AmcflKxl as claimed in Qaiin 14 vrtieiem said two step imcess 
comprises Clearing and ovmommg frictioq between said sappm and said swage 
member. 

CLAIM 16. A method as claimed in Claiin 14 whcrdm said two 
independoit 
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